INTRODUCTION
Coastal zones of continents and oceans -where terrestrial and marine ecosystems interact -are regions of high biological and physical diversity, which generally are heavily utilized by human populations. Distinguishing natural and anthropogenic impacts in coastal zones and throughout the Earth system is a major challenge of science in our global society (Berkman 2002 ).
The Antarctic coastal zone, while utilized by humans to a limited extent, is among the most pristine regions on the planet for unambiguously assessing such global changes. The purpose of this paper is to review the results of the Latitudinal Gradient Project (http://www.lgp.aq/) along the coast of Victoria Land, Antarctica, with emphasis on the marine research. The Latitudinal Gradient Project along Victoria Land is complemented by the Regional Sensitivity to Climate Change program that is being sponsored by the Scientific Committee on Antarctic Research to assess terrestrial ecosystem responses to environmental and climate changes in the south polar region (http://www.riscc.aq). Together, the marine and terrestrial components of these latitudinal gradient research programs are contributing to our understanding of species, community and ecosystem responses to global changes (Walther et al. 2002) .
Research Framework for the Latitudinal Gradient Project:
The climate-driven dynamics and coupling of marine and terrestrial environments and ecosystems along Victoria Land are influenced strongly by different forms of ice (Table 1) . As the solid phase of water, ice represents aspects of the hydrological cycle that impact: moisture exchanges; marine, freshwater and terrestrial ecosystem dynamics; and the basic availability of liquid water for terrestrial life. In particular, sea ice has a pronounced influence on the dynamics of marine and terrestrial ecosystems as one of the most integrated natural phenomena in the In effect, collaborative topics #1 and #2 provide alternative hypotheses that could be tested and modeled to interpret ecosystem and environmental variability along the latitudinal gradient of Victoria Land (Fig. 2) . In addition, the ice dynamics along Victoria Land, lead to the identification of three zones ( Fig. 1) 
Marine Ecosystem Features along Victoria Land:
Marine ecosystems along Victoria Land are known to vary across the latitudinal gradient in terms of maximum sea-surface temperatures; sea-ice extent, productivity and species Current New Zealand research is utilising these natural gradients in environmental conditions and productivity along the latitudinal gradient encompassed by the Victoria Land Coast, to investigate how variation in sea ice cover and primary production sources effects the structural and functional biodiversity of coastal benthic ecosystems. Climate related environmental processes will influence community dynamics and spatial structure of benthic populations, and hence there is potential for regional climate variability to impact on ecosystem structure and function.
Among the benthic macroinvertebrates, species like the circum-Antarctic scallop • Erebus Basin as a baseline for high-latitude deep-water locality;
• Sponge beds as sites of topographic and trophic complexity leading to high fish diversity;
• Crary or Mawson banks as sites of high diversity surrounded by deep water areas;
• Drygalski Trough as site of deepest and largest inner shelf depression in the Ross Sea;
• Cape Adare as a continental shelf transition zone; and
• Iselin Seamount as a site of faunal transition and dispersal into the Ross Sea. The corresponding history of ecosystem development along Victoria Land, which only became possible after habitats were no longer covered by ice sheets, is reflected by Holocene deposits in marine sediments, emerged beaches, terrestrial lakes, terrestrial ecosystems, penguin rookeries and ice cores. In particular, beginning around 6000 years ago, the Ross Sea region entered a new phase in ecosystem dynamics in conjunction with global climate conditions and local environmental changes in sea-ice coverage (Emslie et al. 2003) . These ecosystem changes are reflected by the geochemistry of the ice sheet in the terrestrial zone, occurrence of marine species in the coastal transition zone and deposition of phytoplankton species in the marine zone along Victoria Land (Berkman et al. 2004 ). This period during the Holocene, which represents the current interglacial climate phase that began 10,000 years ago, is most relevant to understanding ecosystem dynamics today.
Latitudinal gradient research cruises in the Ross Sea in 2004
The first ship-based marine campaigns in the framework of the Victoria Land Latitudinal and 100 m. Preliminary benthic community characteristics are shown in Table 2 .
In addition, scientists from the Seafloor Mapping Lab from California State University
Monterey Bay performed high-resolution acoustic remote sensing (multibeam and sidescan sonar) along with remotely operated vehicle video mapping. All sites were investigated with these remote survey tools, with the exception of Coulman Island where a heavy sea-ice cover extended from shore out to the 400 m depth contour (Table 3 ). The multibeam imagery revealed extensive ice scouring that varied with location, depth and exposure. A wide variety of ice disturbance features were clearly visible from shallow scrapes less than 1-m deep to broad gouges 100 m wide with greater than 8 meters of vertical relief from trough to berm (Fig. 3) .
In general, the preliminary multibeam results reveal a subtidal landscape dominated by a mosaic of disturbance patches stratified by depth and in various stages of recovery. Habitats at depths of 200-300m and unprotected by topographic highs are exposed to the massive impact of tabular icebergs hundreds to thousands of metres in horizontal dimensions that come from the 300m thick Ross Ice Shelf. The scours made by these giants are unmistakable due to the depth range in which they occur, and by the characteristically broad and extremely flat "roadlike" appearance of the features. In the 40-150 m depth range, the scours tend to be narrower, carved by more pointed ice keels ending in a terminal pit.
Antarctic benthic communities are strongly influenced by iceberg disturbance (Gutt 2001 ), but to date there have been few investigations on the extent (or frequency) to which this occurs in the coastal Ross Sea region (Lenihan and Oliver 1995) . Preliminary investigations of shallow water benthos (<30 m) on the R/V "Italica" cruise indicated striking differences in abundance and diversity of macroalgae, and biogenic habitats in the northwestern Ross Sea compared with McMurdo Sound. This cruise has provided valuable insights into the relative importance of different environmental variables that structure communities in the coastal Ross Sea region and how they might change with latitude (e.g., iceberg disturbance, sea ice cover, light regime primary production sources), which will be assessed with future sampling.
A major objective of the R/V Tangaroa voyage was to collect information on the diversity of benthic macroinvertebrate and fish communities, and habitat types, along the northern Victoria Land coast and around the Balleny Islands. Phytoplankton productivity of the overlying water, physical disturbance of the bottom by icebergs, and the complexity of habitat forming species in affecting faunal distribution and biodiversity were also investigated. Together, this provides baseline information against which any impacts of the growing human presence in Antarctica and its increasing affects on the environment can be assessed.
Five across-shelf (generally aligned SW-NE) transects from 50 m bottom depth to the shelf edge (approx. 750m) were multibeamed to establish bathymetry, and benthic sampling was conducted within three depth strata (750-500, 500-250, 250-50m) . The transects ran roughly perpendicular to the shoreline and were evenly spread from Cape Adare down to Cape
Hallett. A wide variety of gear types was deployed: bottom trawl, beam trawl, epibenthic sled, and grabs each sampled different assemblages, and gave a much greater appreciation of macrofaunal diversity than would be gained from using just one or two types of gear (e.g., Arntz 1999). Camera deployment further added to information on the nature of benthic habitats, and information on sediment characteristics (e.g., particle size, organic carbon, chlorophyll content) was also collected. Preliminary results indicate marked differences in species composition between the Ross Sea and Balleny Island locations. In addition, the sessile fauna was dominated by sea squirts and corals in offshore (deeper) areas, and by sponges inshore.
CONCLUSIONS
Research along the Victoria Land Coast goes back to the end of the 18 th century, with the first winter-over expedition in Antarctica (Borchgrevink 1901) , and the 2004 research cruises of the R/V "Italica" and R/V "Tangaroa" are part of this rich history. The Latitudinal Gradient Project along Victoria Land provides an interdisciplinary umbrella to compile and integrate data, maps, figures, tables, geographic information systems and publications that have been collected for more than a century regarding the components, dynamics and chronologies of terrestrial and marine ecosystems and environments over diverse time and space scales in Antarctica. These interdisciplinary data involve the geology, limnology, meteorology, glaciology, oceanography and ecology associated with the southernmost ecosystems on Earth. For the future, this research on the coupling and dynamics of marine and terrestrial ecosystems along Victoria
Land provides a unique framework to assess latitudinal shifts in 'sentinel' environmental transition zones (Fig. 1) , as a global barometer that reflects climate dynamics. 
